Introduction
During recent decades the city of Paris and its metropolitan area have undergone major demographic and socioeconomic changes. Specifically, between 1968 and 2010, the Paris Metropolitan Area strengthened its position both as the most populated area (around 12 million inhabitants) and as the largest economic region in the country (with one fifth of the total employment). However, this growth has not been homogeneously distributed throughout the metropolitan area. In fact, even though the levels of employment and population of the whole area grew by 32% and 27%, respectively, during those years, the central business district (CBD) has seen employment fall by 7% and its population by 13%. As a result of these changes, the percentage of employment concentrated in the CBD over the whole area fell from 45% in 1968 to 32% in 2010. The same pattern is repeated for the population of the CBD, which today represents around 19% of the whole area when at the end of the 1960s it stood at 28%. All in all, these trends indicate that the Paris Metropolitan Area has undergone a marked process of suburbanization, accompanied by the emergence of employment subcenters (areas of high employment density outside the CBD).
There is a long tradition in the literature of studies seeking to explain the determinants of city structure and city growth. Typically, in answering the questions as to why some cities are more successful, and grow more rapidly than others or how the urban structure changes, a variety of responses have been reported. Some authors emphasize the importance of human capital and skills (Moretti (2004) and (Rosenthal and Strange, 2008) are good examples); others focus on the role of the weather (Glaeser et al., 2001) or the availability of consumer amenities (Carlino and Saiz, 2008) as attractors for population. Ultimately, however, the literature agrees that a city's density seems to account for its capacity to be productive and to attract better firms and workers (Combes et al., 2012) . For urban economists, agglomeration economies are therefore considered an important source of city growth. What is also clear is that the advantages provided by agglomeration economies increase with a reduction in the transportation costs for goods and people (Glaeser and Gottlieb, 2009 ). Yet even though transportation seems to be a key element for population distribution and growth, until recently its impact on urban growth has not been the focus of much of the existing empirical literature.
In fact, along with the major socioeconomic and demographic changes that have taken place, the Paris Metropolitan Area has seen a great improvement in its transportation networks. The RER (Réseau Express Régional) has been increased in length by around 550 km and today operates 257 stations connecting more than 170 municipalities. Likewise, the metro and tramway networks have also been expanded throughout the area. Most notably, the area's main road system (highways) has been extended by 600 km, while the number of ramps and accessibility to many other municipalities have been increased. (2011) and Hsu and Zhang (2014) provide intermetropolitan evidence for the effect of highway improvements on congestion in the US and Japan, respectively. Duranton and Turner (2012) also find that the stock of highways has a positive impact on urban growth in US metropolitan areas. In the development economic literature there are some recent papers analyzing the effect of infrastructures on different city outcomes. Banerjee et al. (2012) examine the effects of access to transportation networks on economic outcomes in Chinese counties. Faber (2014) studies the impact of the Chinese National Trunk Highway System on city growth. Finally, Donaldson (2015) analyzes the incidence of Indian railroads in the late 19th and early 20th centuries and finds marked effects on trade and welfare.
Two problems of inference need to be accounted for in this type of approach when analyzing the impact of infrastructure improvements on city growth. First, all types of infrastructure take time to be built and their effects on city growth are not immediate. This problem can be solved by using long differences for both employment or population and infrastructure changes. Second, it is reasonable to assume that infrastructures, funded basically out of public budgets, are not assigned at random in a country's geography. Intuitively, if we detect more growth in cities with higher investment in their infrastructure, can we conclude that the new infrastructure is responsible for this growth or that this infrastructure is located in the most successful cities? Or, alternatively, is it that new infrastructure attract more productive firms and workers? This problem of causality is not easily addressed and is one of the main issues raised in defining an empirical approach to the analyses conducted. Only recently have a few papers sought to explain the relation between infrastructure improvement and city growth by considering various inference strategies to address these problems. Baum-Snow roads and the 19th century railroads, respectively. Our empirical strategy follows this approach, as we rely on historical instruments: as discussed more extensively later, the 1870 railways and the Roman roads will be the main candidates.
Special mention needs to be made to Mayer and Trévien (2015) who focus on the Paris region to evaluate the impact of the opening and of the progressive extension of the RER between 1975 and 1990 on employment, number of firms, and population at the municipal level. Their identification strategy exploits the deviation from the initial investment plan for the RER network resulting from budgetary and technical constraints. They this natural experiment in a difference-in-difference approach and find that the presence of an RER station increases municipal employment growth, but has no effect on population growth.
In line with this study, our results show that the RER network influences the location of employment and population, even after controlling for other modes of transportation. Getting closer to an RER station is found to increase employment and population density by around 5%. Furthermore, a dynamic analysis reveals that improving the RER network significantly increases municipal employment and population growth: for each kilometer closer to an RER station, employment increases by 2% and population by 1%. Although this impact is limited, it is considerably reinforced once we introduce spatial and temporal heterogeneity in the analysis. For municipalities located less than 13 kilometers from an RER station, each kilometer closer to the station increases employment and population growth by 12% and 8% respectively. Regarding the time pattern of these effects, we find no impact of the RER expansion on employment growth during the first part of the covered period, while the impact on population growth was sizeable much earlier but declined over time.
This paper makes three primary contributions to the literature. First, we analyze the impact of RER improvements on employment and population growth for all the 1,300 municipalities in an area, the Paris metropolitan area, which has witnessed an important improvement in its transportation system in recent decades. Second, to the best of our knowledge, this is the first work to undertake an analysis of the causal effects of improvements to an infrastructure system on city growth controlling for all the possible modes of transportation (railroads, metro, tramways and highways). Third, our empirical strategy allows us to solve the causality problem that is common in this type of approach through the use of historical instruments.
Following on from this introduction, the rest of the paper is organized as follows. In Section 2, we describe the changes in the urban spatial structure in Paris metropolitan area and we explain the suburbanization process of the area through the identification of employment subcenters and their changes with time. In Section 3, we explain the main changes in the different transportation infrastructures in the Paris metropolitan area. We also test whether the past infrastructures are good determinants of the modern infrastructures. In Section 4, we present the main results, and Section 5 concludes.
2 Urban spatial structure in Paris metropolitan area
Main characteristics
In this first descriptive part of our study, we rely on census data provided by the French statistical institute, the INSEE. Between the early 1960s and the late 1990s, one census surveying all individuals living in France was conducted about every decade. Since 2004, the design and sampling methodology of the census has changed completely, and is now conducted annually over a fraction of the population, so that the census data labeled "year n" is in fact collected over five years (n − 2 to n + 2). 1 Apart from this methodological change, all census waves provide us with the same type of information, which can be aggregated at the municipal level. For this paper, we are particularly interested in the number of individuals living and working in each municipality. In addition, the census enables us to characterize the population in terms of demographics (e.g., age, gender, nationality, birth country, marital status, household size) and socio-economics (level of education, socio-economic category of the job, or type of occupation for instance). Our study is based on the 1968-2010 period, during which the main highways were built in Ile de France, and which also corresponds to the period when the railway networks underwent significant improvements (further details on this topic are given in section 3.1). We are therefore using the 1968, 1975, 1982, 1990, 1999 and 2010 waves of the census.
Let us now broadly describe the main spatial features of the Paris metropolitan area which constitutes the focus of this paper. We are actually considering one of the 22 administrative regions in continental France, known as Ile de France, which is the region encompassing the city of Paris. It is divided into eight départements (administrative subregions) and 1,300 municipalities. Note that the city of Paris has been a département of its own since 1968, and is divided into 20 arrondissements (that we treat as municipalities). The municipality is the unit of analysis of this paper. It is actually the smallest administrative division that we can use, since smaller divisions were not introduced in French statistics before the 1990s. This is however a reasonable unit of analysis given our research 1 More details on this new sampling methodology can be found in English on the INSEE webpage. agenda as French municipalities are particularly small. 2 In Ile de France, the average municipal surface is 9.3 km 2 , and the median is 7.6 km 2 .
The metropolitan area of Paris is the densest and most populated region in France, with 986.7 inhabitants per square kilometer in 2011 for a total of 11,852,851 inhabitants. It is also the main employment center in the country, with a total of 5,660,253 jobs in 2011, corresponding to more than one fifth of total employment in continental France. Among them, 0.2% work in the agricultural sector, 5.2% in the construction sector, 8.4% in industry and the remaining 86.2% in the tertiary sector (trade, services, public administration, education, among others). In the following subsection, we provide a detailed description of the urban spatial structure of Paris metropolitan area.
CBD, subcenters and other municipalities
With its 20 arrondissements expanding over 105.4 km 2 for a density of 21,347 inhabitant per square kilometer, the city of Paris constitutes the CBD of the Paris metropolitan area. In 2011, Paris population amounted to about 2,250,000 inhabitants, corresponding to 19% of the metropolitan population. The CBD also accounted for 32% of the metropolitan employment, with about 1,800,000 jobs, concentrated in the tertiary sector: 67.9% in trade, transportation and services and another 24.4% in public administration, education, health and social services. We can notice from these figures that tertiary sector jobs are over-represented in the CBD: 92.3% of all jobs in Paris compared to 86.2% of all jobs in the metropolitan area of Paris (including the CBD).
As most large agglomerations, the Paris metropolitan area includes several employment subcenters in addition to the CBD, where a subcenter can be defined as an area with significantly higher employment density than that found in nearby locations, and which has a significant effect on the overall employment density function. We identify employment subcenters using the method first developed by McDonald and Prather (1994) and improved by McMillen (2001) . The principal idea is to estimate densities following a monocentric spatial pattern. The predicted densities obtained are subtracted from the corresponding real densities. From these residuals, those that are positive are chosen, and from these, those that are statistically significant are selected.
While McDonald and Prather (1994) estimate by OLS a two-dimensional density function, the log of employment density vs. the distance to CBD, McMillen (2001) proposes a three-dimensional density function, the log of employment density versus the north-south and the east-west distances to CBD, and uses a nonparametric estimation technique, known as locally weighted regression (LWR). Both improvements allow us to take into account geographical differences, which, in terms of the spatial pattern of densities, can occur in any direction from the CBD (e.g., steeper density gradients on the north side than on the south side of the city). Furthermore, they also allow us to define any type of monocentric spatial pattern: concave, convex or linear (McMillen, 2001) .
As a result, we first estimate the following employment density equation (1) where density is measured as jobs (respectively, inhabitants) per hectare, and distances are in kilometers. The CBD is defined as the 20 arrondissements that make up the city of Paris. Distance to CBD is the distance to the centroid of the 4 th arrondissement (de l'Hôtel-de-Ville).
Second, for each site i we compute the residual as the difference between real employment density and estimated employment density, and select the ones that are significantly greater than 0 a the 10% level:
ln(Employment density) − ln(Employment density)
Finally, we group the selected sites in subcenters when they are contiguous. We use a 'queen' Further details are available in Table 1 Finally, Column 11 shows the average distance (in kilometers) between the center of the subcenter and the CBD, computed using a GIS software. by performing an exploratory spatial data analysis on the employment-to-population ratio. The subcenters they identify correspond however mostly to the five government-planned towns (villes nouvelles). By contrast, in the closest paper to ours, focusing on the role of public transportation in Ile-de-France, Mayer and Trévien (2015) do not identify subcenters in this region. Instead, they base their analysis on municipalities classified according to their distance from the CBD. [2]
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Employment and population suburbanization
After identifying the main characteristics of the urban spatial structure in Paris metropolitan area, we now study its temporal and spatial trends. First, we explore the absolute and relative importance of three groups of municipalities: the CBD, the subcenters, and the other municipalities.
Second, we analyze the spatial influence of the CBD and the subcenters on the location decisions of firms and residences. Disaggregating these figures between CBD, subcenters and other locations enables us to detect the suburbanization process that the Paris metropolitan area has been experiencing since 1968. Indeed, we see that the number of jobs in the CBD decreased by 7.1%, while the population size fell by 13.4%, to the benefit of subcenters and other municipalities. This evolution reflects an absolute suburbanization process. We can also see that the CBD's share of total employment and population dropped respectively from 45.3% to 31.7% and from 28% to 19%. Taking a closer look at the subcenters and comparing the 1968 situation of the subcenters identified in 1968 with the 2010 situation of those identified in 2010, we can observe that they gained in terms of employment, both in absolute and relative terms (from 33% to 35%), illustrating a process of absolute and relative employment centralization in the subcenters. On the other hand, subcenters lost in terms of popu-lation, both in absolute and relative terms (from 34% to 26%), to the benefit of other municipalities:
the subcenters have themselves been undergoing a population suburbanization process towards the smaller municipalities.
To analyze the influence of the CBD and the subcenters on the intrametropolitan distribution of employment and population, we regress the log of the 2010 employment (alternatively, population) density on the distance to CBD, the distance to the nearest employment subcenter (where we alternatively use subcenters identified in 1968 and 2010), and a vector of geographic characteristics, which includes land area, altitude, ruggedness index and elevation range:
where the coefficients β 1 and β 2 are the so-called density gradients and capture the extent to which density falls with distance to CBD and distance to the nearest subcenter, respectively. Table 3 reports OLS results for Eq. (3). We find that all employment (Panel A) and population (Panel B) density gradients are negative and significant: the closer a municipality is to the CBD or to a subcenter, the higher its density (this trend is particularly marked for population density).
This reveals that both CBD and subcenters influence the spatial pattern of employment and population location in Paris metropolitan area. We can also notice that the density gradients for 2010 subcenters are larger (in absolute values) than those for 1968 subcenters, illustrating the fact that subcenters identified in 2010 are more dynamic by construction (some of them emerged during the period, while some of the 1968 subcenters disappeared as shown in Table 1 ).
Columns 6 and 7 display the results of similar regressions but where the dependent variable is the density growth (∆ln(Density)) between 1968 and 2010. From these results, we can infer that the influence of both CBD and subcenters on the location of jobs and residences increased despite the suburbanization process. Indeed, these negative and significant coefficients mean that the growth of employment and population (densities) was larger for municipalities closer to the CBD and subcenters. Finally, in Columns 8 and 9, we also include the initial densities (in 1968) in the growth equations, in order to account for convergence processes (mean reversion processes).
In this case, we can observe that the spatial influence of CBD and subcenters is even higher.
Transportation in Paris metropolitan area

Main characteristics
The transportation infrastructure of the Paris metropolitan area today is based on both a railroad network and a main road system. In the case of the former, there are four network types: First, a suburban train (henceforth train) that connects Paris to the suburbs, including some of the most remote parts of the region. This network was initiated during the first half of the nineteenth century, and has been continuously expanded since then. An important modernization wave took place in the 1960s, with all steam trains being replaced by electric trains. Table 4 In addition to these regional railroad networks, Paris is endowed with a very dense subway system (métro henceforth), which was opened in 1900 and mainly connects areas within Paris. Between 1968 and 2010, the métro network was further expanded with the addition of two new lines that increased its length by 44 km, and 34 new stations were added connecting 13 new municipalities (Table 4 Panel C) . Today, a few métro stations extend beyond Paris, but they remain within a very limited range.
Finally, Paris metropolitan area also enjoys a tramway network, which is much more recent: the first segments started operating in the beginning of the 1990s, and the network is still expanding.
This network is mostly located at the fringe of Paris, with some segments running in the first ring of municipalities around Paris. Note that while the main regional trains have a radial structure, linking Paris to the suburbs, the tramway is much more circular, the various lines forming a circle around the CBD and along its borders. In 2010, this network was based on 4 lines with a total length of 40 km, with 70 stations connecting 19 municipalities (Table 4 Panel D). 1968  265  338  15  33  164  1975  273  348  15  36  173  1982  285  360  15  41  188  1990  291  366  15  44  196  1999  296  376  17  46  204  2010  299  380  17  46 1968  46  11  40  229  1975  86  24  73  418  1982  111  27  91  549  1990  129  31  101  633  1999  161  40  127  792  2010  168  41  133  821 Notes: For railway infrastructures (Panels A to D), Column 2 reports the total number of stations in which the corresponding type of train stops, Column 3 reports the number of stations weighted by the number of lines (if two lines go through the same station then the station is counted twice), Column 4 reports the total number of lines composing the corresponding network, Column 5 reports the number of municipalities in which there is at least one station of the corresponding network, and Column 6 reports the length of the corresponding railway network (note that if the same railway is used for several lines, its length is counted only once). Information for highways, or more precisely for the main roads (including some roads smaller than highways) is reported in Panel E as follows. Column 2: number of ramps to access the highway. Column 4: total number of roads with a different label composing the highway network. Column 5: number of municipalities in which there is at least one ramp. Column 6: total length of the highway network.
In the case of the main road system, we focus on the highway network (and include some other main roads). Although France's first highway projects date from the 1920s and the 1930s, the real expansion of the French network took place during the second half of the 20th century. In the Paris
Metropolitan Area (Table 4 Panel to instrument current highways in Spain.
Following the above mentioned literature, we consider three candidates to instrument highways and railroads in Paris metropolitan area: the Roman roads, the 1810 post routes, and the 1870 railroads. In the following paragraphs, we explore their validity in termes of exogeneity and relevance.
The Roman roads
The first Roman road on French territory (Gaul) was built in 118 B.C.: the Via Domitia connected 
Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations Digital Atlas of Roman and Medieval Civilizations
The 1810 post routes
Our second proposed instrument is the 1810 post routes. The first fixed relay posts were established in France at the beginning of the 16th century. These relays constituted a set of nodes that were initially intended for the royal postmen to transmit messages and information to and from the king. The postmen rode horses that could be replaced with fresh animals at these relay posts.
From the beginning of the 17th century onwards, they progressively came to be used for civilian postal services as well. Over the 18th century, engineers of roads and bridges (ponts et chaussées)
built roads made of stone that connected the various relay posts. In this way, the itinerary between two relays became more and more fixed by the route taken by these paved roads. 
The 1870 railroad network
The third candidate is simply the railroad network as it existed in 1870 in the region around Paris.
The first French railroads were built at the beginning of the 19th century, but slightly later than in the UK due to the Napoleonic wars: the first line connecting Paris to a city located 18 km away (Saint-Germain) was not opened until 1837. Due to the high levels of centralization in France, the 1870 railroad network (Figure 6 ) also had a star-shaped form centered around Paris and was based on 698 km of railroad lines. 
Are they valid instruments?
As discussed above, the fact that modern roads and railroads were built following the routes marked out by the ancient infrastructure has been frequently pointed out in the literature. Common sense would suggest that in France as well, the past infrastructure shaped the current provision for the same practical reasons; namely, it was easier and cheaper when building new transportation infrastructure to improve the old infrastructure for instance, or to build it close by (Duranton and Turner, 2012). We now empirically test the credibility of this assumption in the context of the Paris metropolitan area. To do so, we conditionally regress the distance to the nearest transportation infrastructure in 2010 on the distance to the nearest historical transportation infras-tructure, while controlling for the urban spatial structure (with the distance to the nearest 2010 employment center 3 ), geography and history:
Distance to 2010 transportation = γ 0 + γ 1 × distance to historical transportation + γ 2 × distance to the nearest 2010 employment center
The inclusion of these control variables is key to our identification strategy. Although ancient transportation infrastructure may be exogenous both because of the length of time that has passed since it was built and of the significant changes undergone by society and the economy in the intervening years, and, more especially, as this infrastructure was not built to anticipate employment and population growth in a distant future, other factors such as the area's geography are likely to have influenced the construction and location of both ancient and modern transportation infrastructures on the grounds of the feasibility and convenience of construction. From this point of view, it is crucial to include geographical characteristics such as land area, altitude, index of terrain ruggedness, and elevation range as controls to comply with the exogeneity condition.
On the other hand, it is equally important to control for the historical context, since this may explain both the presence of former infrastructure and the economic importance of today's municipalities. In order to fulfill the exclusion restriction, and because there are no historical employment and population data at the municipal level prior to 1962 and 1968, we control for history by including dummy variables indicating (1) whether municipalities were Roman settlements, (2) whether they used to be major towns between the 10th and the 15th centuries and (3) between the 16th and the 19th centuries, (4) whether they had a monastery built between the 12th and 16th centuries, and (5) whether they hosted important fairs between the 10th and the 16th centuries. These variables come from the Digital Atlas of Roman and Medieval Civilizations, with the exception of the major cities of the 16th to 19th centuries which are identified in Bairoch (1988) . To put it differently, we assume conditional exogeneity of the proposed instruments, as suggested by (Duranton and Turner, 2012) .
Regarding the relevance of our potential instruments, Table 5 Regarding commuter train, Panel A Columns 5 to 7 show that all three historical networks in-dividually matter for the location of train stations. However, there is an overidentification problem when we use them simultaneously (Column 8). In Columns 9 to 11, we use all possible pairs of these three instruments. We find that only the 1870 railroad and Roman road combination (Column 10) passes the overidentification test. 
Notes: 1300 observations for each regression. Geography variables are land area, altitude, index of terrain ruggedness, and elevation range. History variables are dummy variables for municipalities (1) that were Roman settlements (based on DARMC maps), (2) that were major towns between the 10th and the 15th centuries (based on DARMC maps), (3) that were major towns between the 16th and the 19th centuries (based on Bairoch, 1988) , (4) with a monastery built between the 12th and 16th centuries (based on DARMC maps), and (5) that hosted important fairs between the 10th and the 16th centuries (based on DARMC maps). Robust standard errors are in parentheses. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively.
Panel B shows results for all non-RER railroads, that is, for the distance to the nearest commuter train, métro or tramway station. Once again, we find a significant effect for each historical network (Columns 5 to 7) and for the joint estimate (Column 8), but the latter does not pass the overidentification test. According to the first-stage F-statistics and the overidentification p-values, the distance to the nearest 1870 railroad and the distance to the nearest Roman road is our preferred pair combination (Column 10).
Finally, in Panel C we explore the instruments for the highways (distance to the nearest highway ramp) (Columns 1 to 4) and for all non-RER transportation (distance to the nearest railroad station or highway ramp) (Columns 5 to 11). Similar to previous panels, our preferred instruments are the distances to the nearest 1870 railroad and to the nearest Roman road (Columns 4 and 10).
Transportation infrastructure and the location of employment and population in 2010
As 
As in Eq. (3), the coefficients δ 1 and δ 2 are density gradients and capture the extent to which density increases with proximity to the nearest RER station and to the nearest non-RER station or highway ramp, respectively. In order to correct the endogeneity biases discussed above, we estimate this equation using a two-stage least square (TSLS) procedure, where Roman roads and 1870 railroads are used as instruments for the RER and the non-RER variables (following first-stage results in Table 5 ). Table 6 reports results for Equation (3) in terms of employment density (Columns 1 to 5) and population density (Columns 6 to 10). In both cases, we find that transportation infrastructures do influence the location of employment and population: the estimated density gradients are always negative and significant. In particular, our results show that getting closer to an RER station by one kilometer increases employment and population densities by around 5-6% and 4-5%, respectively.
Results also show higher (but less significant) effects for non-RER transportation: each additional kilometer closer to a non-RER station or ramp increases employment and population densities by 7-8% and 6-7%, respectively. Since these non-RER coefficients are of the same order of magnitude, and do not change the RER coefficient much, in the rest of the paper we present our results controlling only for the group of non-RER infrastructures (including highways ramps), which correspond to the specification used in Columns 5 and 10. Notes: 1300 observations for each regression. Geography variables are land area, altitude, index of terrain ruggedness, and elevation range. History variables are dummy variables for municipalities (1) that were Roman settlements (based on DARMC maps), (2) that were major towns between the 10th and the 15th centuries (based on DARMC maps), (3) that were major towns between the 16th and the 19th centuries (based on Bairoch, 1988), (4) with a monastery built between the 12th and 16th centuries (based on DARMC maps), and (5) that hosted important fairs between the 10th and the 16th centuries (based on DARMC maps). Robust standard errors are in parentheses. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively. We investigate the effects of transportation (improvements) on local growth in jobs and in the number of inhabitants in the Paris metropolitan area. Our paper brings several new insights to this literature. First, it focuses on the intrametropolitan level, that is, on the municipalities that make up the Paris Metropolitan Area, while most previous studies are at the city-metropolitan level.
Second, we study the effects on both employment and population growth, while previous studies focus on just one or the other. Finally, although our main interest is the effects of the RER, we also control for other modes of transportation, while most previous studies consider just one type of infrastructure.
In the following subsections, we first study the effects of RER on local growth for all 1300 municipalities that make up Paris metropolitan area (named average metropolitan effects). Then, we group the municipalities according to their proximity to an RER station to explore whether the RER effects are heterogeneous in space (named effects by distances). Finally, we analyze the temporal scope of the RER effects by considering different time periods (named effects by periods).
Since firm and residential location responses to transportation improvements might take years, our empirical strategy is based on the 'traditional' growth equation, in which a 'growth' dependent variable (between years t and t-1) is regressed on a set of explanatory variables with their values in the initial year t-1.
Average metropolitan effects
We begin by analyzing the impact of RER and other transportation on local (municipal) growth, both in terms of employment and population. We focus on the 1968-2010 period to estimate the following regression:
1968-2010 ∆ln(Density) = µ 0 + µ 1 × 2010 distance to RER station + µ 2 × 1968 distance to non-RER stations and ramps
+ µ 4 × distance to the nearest 1968 employment center
It is important to point out that, since there were no RER stations in 1968, our main explanatory variable is the distance to the nearest RER station in 2010. On the other hand, since there were other railroads and highways in the initial year, we add the distance to the nearest non-RER transportation (station or ramp) in 1968. As previously, we also control for characteristics related to the initial urban spatial structure of the Paris metropolitan area, i.e., the 1968 employment and population densities, the distance to the nearest 1968 employment center, and the geography and history discussed above. We additionally control for the 1962 population size, and 1968 municipal socioeconomic characteristics: unemployment rate; share of employment in manufacturing, in construction, and in services, used as proxies for the economic specialization; share of executives and professional workers as proxy for the level of income; and share of population with university degree as a proxy for the level of human capital. Here again, we run two-stage least square regressions to correct for endogeneity, using distance to the nearest 1870 railroad and distance to the nearest Roman road as instruments. Table 7 reports our main TSLS results for employment (Columns 1 to 3) and for population (Columns 4 to 6). In Columns 1 and 4, we only include the 2010 distance to RER station and the other control variables. In Columns 2 and 5, we only include the 1968 distance to non-RER transportation. In Columns 3 and 6, we include both transportation variables. We find negative and significant effects for RER and non-RER transportation, revealing that employment and population growth increase the closer a municipality is to a railroad station (RER and non-RER) or a highway ramp.
More precisely, each additional kilometer closer to the nearest RER station increases employment growth by 2% and population growth by 1%. Yet, the effects are higher for the 1968 non-RER transportation, increasing employment and population growth by 9% and 6%, respectively. 4 Finally, it is important to notice that the coefficients for both distances are not statistically different when they are individually, as opposed to jointly, estimated (Columns 1 and 2 vs. 3 for employment, Columns 4 and 5 vs. 6 for population). We take advantage of this feature in our last empirical analysis. Notes: 1300 observations for each regression. Geography variables are land area, altitude, index of terrain ruggedness, and elevation range. History variables are the population level in 1962 and dummy variables for municipalities (1) that were Roman settlements (based on DARMC maps), (2) that were major towns between the 10th and the 15th centuries (based on DARMC maps), (3) that were major towns between the 16th and the 19th centuries (based on Bairoch, 1988) , (4) with a monastery built between the 12th and 16th centuries (based on DARMC maps), and (5) that hosted important fairs between the 10th and the 16th centuries (based on DARMC maps). Socioeconomic variables are the 1968 unemployment rate, the 1968 shares of employment in Manufacturing, in Construction, and in Services, the 1968 share of executives and professionals, and the 1968 share of population with university degree. Robust standard errors are in parentheses. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively.
A closer look at the estimates for initial employment and population densities also provides interesting insights. For the case of employment (Columns 1 to 3), the positive and significant coefficients for the 1968 log of population density and the negative and significant coefficients for the 1968 log of employment density reveal that employment growth is higher in (initial) (densely) populated areas and lower in municipalities with (initial) high employment density levels, respectively. In other words, employment only follows population. On the other other hand, we do not find any significant effect of initial densities on population growth (Columns 4 to 6).
Spatial heterogeneity: Proximity matters!
Admittedly, the results discussed above show very limited growth effects. This is not surprising since, as we have already noticed, these effects are average effects estimated for the 1,300 municipalities that make up the Paris metropolitan area. In this subsection, we explore whether these effects are stable or rather heterogeneous and variable across space.
Since our main explanatory variables are location variables computed in terms of proximity respectively. Based on the these reported distances, we define our distance threshold at 13 km. Notes: 782 and 518 observations for regressions in Columns 1 and 3 and in Columns 2 and 4, respectively. Geography variables are land area, altitude, index of terrain ruggedness, and elevation range. History variables are the population level in 1962 and dummy variables for municipalities (1) that were Roman settlements (based on DARMC maps), (2) that were major towns between the 10th and the 15th centuries (based on DARMC maps), (3) that were major towns between the 16th and the 19th centuries (based on Bairoch, 1988) , (4) with a monastery built between the 12th and 16th centuries (based on DARMC maps), and (5) that hosted important fairs between the 10th and the 16th centuries (based on DARMC maps). Socioeconomic variables are the 1968 unemployment rate, the 1968 shares of employment in Manufacturing, in Construction, and in Services, the 1968 share of executives and professionals, and the 1968 share of population with university degree. Robust standard errors are in parentheses. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively. We do find that the effects of RER are heterogeneous in terms of proximity to this infrastructure. While these effects are significant for municipalities located less than 13 km away from an RER station (Columns 1 and 3), they are statistically insignificant for those located beyond 13 km (Columns 2 and 4). Furthermore, compared to the average effects, now we do find higher growth effects: each additional kilometer closer to an RER station increases employment growth by 12%
and population growth by a 8% in municipalities located less than 13 km away from an RER station.
As for non-RER transportation, we also observe heterogeneity in their results: larger effects for municipalities closer to an RER station (24% for employment and 15% for population), and smaller effects for the most distant municipalities (4% for employment and 3% for population).
In summary, although the results reported in Table 7 show very limited growth effects, these results are on average, for the whole metropolitan area. When we split our sample, new results in We therefore test the robustness of our previous results on the impact of the RER.
Second, we also investigate the temporal scope of the RER effects. As mentioned above, employment and population responses to transportation improvements might take years. Since the length of this delay is unclear, we explore it by regressing growth equations for the 1975-1990 and 1990-2010 periods.
Conditional on the year t-1 employment and population densities, distance to nearest employment center, geography, history and socioeconomic variables in year t-1, we regress the (employment and population) growth between year t-1 and year t on the distance to the nearest RER station in year t-1 (or year t-2):
year t-1 -year t ∆ln(Density) = η 0 + η 1 × year t-1 or t-2 distance to RER station + η 2 × year t-1 ln(densities)
+ η 3 × distance to the nearest 1968 employment center
Compared with Eq. (6), this new Eq. (7) omits the distance to other transportation infrastructures since, as mentioned above, it does not significantly affect the coefficients of interest. This empirical strategy also allows us to overcome a problem with one of our instruments, the distance to the nearest Roman road, which is not relevant in some periods. As a result, Eq. (7) is estimated by TSLS using the distance to the nearest 1870 railroad as the unique instrument. Table 9 reports TSLS results for Eq. (columns 3 and 6); and dummy variables for municipalities (1) that were Roman settlements (based on DARMC maps), (2) that were major towns between the 10th and the 15th centuries (based on DARMC maps), (3) that were major towns between the 16th and the 19th centuries (based on Bairoch, 1988) , (4) with a monastery built between the 12th and 16th centuries (based on DARMC maps), and (5) that hosted important fairs between the 10th and the 16th centuries (based on DARMC maps). Socioeconomic variables are the unemployment rate, the shares of employment in Manufacturing, in Construction, and in Services, the share of executives and professionals, and the share of population with university degree with their values in 1975 (columns 1-2 and 4-6) or in 1990 (columns 3 and 6). Robust standard errors are in parentheses. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively.
The estimates for the employment and population growth equations over the whole [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] period (Columns 1 and 5) are consistent with those obtained previously in Table 7: and it is clearer when we use the 1975 distance in Column 4. Therefore, it seems that the RER effect emerges after a certain time lag. As for population, the RER effect turns out to be much more rapid, increasing population growth by 1.4% each additional kilometer closer to an RER station in the 1975-1990 period (Column 6). However, at the same time, the RER effect tends to decrease over time: increasing population growth only by 0.3% (Column 7) and 0.5% (Column 8) in the 1990-2010 period.
To sum up, these new results by periods clearly show that, first, our previous results based on the 1968-2010 period are robust, and, second, that RER effects are heteregenous in time and differ between firms and residences: while there is a lagged response by firms which increases with time, the response by residences is more rapid, but decreases with time.
Conclusions
In this paper we have investigated the effect of the RER expansion, while controlling for all the other transportation modes, on employment and population growth in the Paris metropolitan area municipalities between 1968 and 2010. Because of the potential endogeneity problem of transportation provision, we first study whether the construction and location of railroads and highways are influenced by historical roads. According to the first-stage results and our own considerations, the two historical networks considered in this study are the 1870 railroad network and the Roman roads. This first stage analysis allows us to conclude that historical railroads and roads account for the present-day infrastructure. The main results indicate that the RER network together with the other transportation networks have a positive and significant effect on the location of employment and population. In a dynamic analysis, we show that with each additional kilometer a municipality is located closer to an RER station employment increases by 2% and the population increases by 1%. Heterogeneous analyses in terms of space and time show that these effects are higher when a municipality is located less than 13 km from an RER station and when employment and population growth increase by 12% and 8% per km, respectively. Regarding the temporal scope we show that for the first part of the period there were no effects of the RER expansion on employment growth. On the other hand, the RER expansion effect on the population growth was much more intense in the first period. Also our results indicate that this impact decreases with time. This paper's contribution is of relevance because it provides much-needed evidence from an analysis conducted at the intrametropolitan level in one of the largest metropolitan areas in Europe. Furthermore, our results for the Paris metropolitan area complement those obtained by Mayer and Trévien (2015) using a different empirical strategy with a restricted sample of municipalities from the Paris metropolitan area. It is also important to note that some of our suburban and intrametropolitan results verify the theoretical predictions we discuss. First, we confirm that railroad and highway effects are heterogeneous in CBD distance. Second, we also provide evidence that the suburbanized population and employment are not evenly distributed across the suburbs; on the contrary, the population spreads out along the highways in the first stage of infrastructure development, while in this same stage, employment follows population.
A better understanding of the relationship between improvements in transport infrastructure, on the one hand, and city structure and city growth, on the other, is important, in general, for transport planners, urban planners, and policy makers and, in particular, it is crucial for making correct transport forecasts. Here, we have examined the impact of the initial stages in the development of the RER rail network on growth. Our results show that railroad investment has a major impact in these early years on population growth but not on employment growth. Further research is, however, required to determine whether this effect is weakened as the network becomes denser.
Finally, although the paper has studied the effects of railroads (mainly the expansion of the RER), together with the impacts of the expansion of other network infrastructures, on changes in the urban spatial structure of the Paris Metropolitan Area over the last 40 years, we have not considered the effects on changes in employment by industrial sector and how the location patterns of these industries may differ according to the distribution of the employment subcenters. Although such an analysis would be interesting in order to determine the dynamics of the economic structure in the Paris metropolitan area, this task goes far beyond the objective of the current paper and we leave this task for future research.
